Wurtzite-structured indium nitride forms an alloy with GaN. The alloy on the Garich side is the key component of blue light emitting devices [1] . Early studies of InN films grown by the sputtering method have suggested a direct bandgap of ~ 2 eV [2, 3] .
Very recently, optical characterizations of InN crystals grown by molecular beam epitaxy (MBE) [4, 5] or metal-organic vapor phase epitaxy [6] have provided convincing evidence showing that the real bandgap energy of InN is actually about 0.7 eV at room temperature. This value is close to the gap energy of 0.8 eV recently obtained by pseudopotantial calculations [7] . The gap energy of InGaN ternary alloys has been shown to cover a wide, continuous spectral range from the near infrared for InN to the near ultraviolet for GaN [8] .
Early measurements of the free electron effective mass in heavily doped (n > 10 20 cm -3 ) InN films have given a range of values ranging from 0.11m 0 [2] to 0.24m 0 [9] . A recent measurement of MBE-grown InN layers ( n = 2.8×10 19 cm -3 ) using infrared spectroscopic ellipsometry has led to the value of m * = 0.14m 0 [10] . The recently determined low value of the energy gap of InN puts in question and calls for a reevaluation of the previously determined effective mass. In addition, in the determination of the free carrier effective mass from plasma resonance experiments, the effective mass is inversely proportional to the optical dielectric constant (ε ∞ ) as the plasma frequency is measured [11] . Therefore, it is important to be careful with the choice of ε ∞ to compare m * obtained by different groups.
In this paper we report the results of our studies of the effective mass and the optical absorption edge of wurtzite InN with different free electron concentrations. We find that the lowest conduction band of InN is non-parabolic with the electron effective mass strongly dependent on the electron energy. The optical absorption edge shows a concentration-dependent blue shift resulting from the Burstein-Moss effect. All these observed effects are well described by the two-band Kane model for narrow g ap semiconductors.
InN films were grown on (0001) sapphire substrates with an AlN or GaN buffer layer by molecular-beam epitaxy [12] . The surface reflection of extrinsic semiconductors in the infrared region by the free carrier plasma is frequently used to determine the effective mass of the free carriers [11] . Similar to the behavior of metals, extrinsic semiconductors strongly reflect infrared light below the plasma frequency. The free carrier effective mass on the Fermi surface can be calculated from the plasma frequency (ω P ) if the carrier concentration and the optical dielectric constant are known [10, 11] .
(1) Figure 1 shows, from the left to the right, the infrared reflection curves of three 
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The electron effective mass calculated from these plasma frequencies are plotted as a function of the electron concentration in Fig. 2 . In the calculation, a recently reported isotropically averaged value of the optical dielectric constant, ε ∞ = 6.7, was used [10] .
Also shown in Fig. 2 is the result from Ref. [10] measured with a MBE-grown InN film.
The three points with concentration above 10 20 cm -3 are effective mass values calculated from the plasma frequencies reported in Ref. [2] , [9] and [13] using ε ∞ = 6.7. In contrast to most semiconductors, the effective mass exhibits a strong dependence on the free electron concentration.
The electron concentration dependent effective mass suggests a non-parabolic conduction band. The conduction band non-parabolicity in other narrow bandgap semiconductors, such as InSb [14] and InAs [15] , has been recognized and studied intensively. In these semiconductors the strong conduction band non-parabolicity is attributed to the k⋅p interaction across the narrow direct gap between the conduction and valence bands. The non-parabolic dispersion relation has been calculated by Kane using a k⋅p perturbation approach [14] . We have applied Kane 
where E G is the direct bandgap energy, and E P is an energy parameter related to the momentum matrix element,
The density of states effective mass is then k-dependent and given by [17] ( )
The Fermi level is given by the dispersion energy in Eq.(2) evaluated at the Fermi wavevector ( )
, neglecting the thermal broadening of the Fermi distribution.
We have calculated the effective mass as a function of electron concentration in this model using a bandgap energy E G = 0.7 eV and E P equal to 7.5, 10 and 15 eV respectively. The results are compared with experimental data in Fig. 2 . It can be seen that although the effective mass data were reported by different groups on InN films grown by different methods, the calculation using E P = 10 eV shows reasonably good agr eement with all the measured data points. For comparison, we note that E P values for wurtzite GaN as low as 7.7 eV [18] and as high as 14 eV [19] have been reported in the literature. The extrapolation of the curve leads to an effective mass of 0.07m 0 at the bottom of the conduction band. This value is much smaller than the effective mass of 0.22m 0 for GaN [11] , but is close to 0.08m 0 for InP [19] that has an almost two times larger band gap. The absorption edge corresponds to the energy of the photons that make vertical transitions from the upper valence band to the Fermi surface in the conduction band. The electron concentration dependence of the absorption edge was calculated based on the non-parabolic dispersion relation given by Eq.(2). In the calculation, the upper valance band involved in the transition is assumed to be parabolic with the hole effective mass equal to the free electron mass in the vacuum [20] .
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We have also taken into account the conduction band renormalization effects due to the electron-electron interaction and the electron-ionized impurity interaction [21] . The conduction band shift resulting from the electron-electron interaction is given by In summary, we have measured the free electron effective mass of InN using plasma reflection in the infrared spectral region. We have found the effective mass to be electron concentration dependent. The dependence can be well described by assuming a non-parabolic conduction band due to the p k ⋅ interaction between the conduction band this work Ref. [9] Ref. [2] Ref. [13] Ref. [10] Cal., Ep=10eV Cal., Ep=15eV Cal., Ep=7. 
